Iron deficiency anemia is observed in a variety of species and occurs commonly in man and dog^.^-^,^,^ Two pathogenetic mechanisms account for development of iron deficiency in domestic animals. First, chronic external blood loss may commonly result in iron deficiency in dog^.^,^,^ Iron in hemoglobin is lost from the body more rapidly than it can be replenished by dietary sources. Following depletion of body storage iron by new hemoglobin synthesis, hematologic features of iron deficiency anemia will develop. Common causes of blood loss include heavy bloodsucking parasite infestations and gastrointestinal Second, animals with rapid growth rate and an all-milk diet during the neonatal interval may develop transient iron deficiency anemia. Neonatal iron deficiency is best characterized in piglets, foals, and kitten^.^^',^ Interestingly, iron deficiency anemia has not been well characterized in adult domestic cats, even though chronic external blood loss occurs. The purpose of this report is to describe the electronic and morphologic features of iron deficiency anemia in an adult cat. This is important because knowledge of hematologic features may improve detection of feline iron deficiency anemia.
A 17-year-old castrated male domestic longhair cat was brought to the Colorado State University Veterinary Teaching Hospital with a complaint of anorexia, weight loss, and diarrhea of at least 2 weeks duration. The cat had been treated symptomatically for 10 days with antibiotics; no improvement occurred. Abnormal physical findings included emaciation, slight hypothermia (99.2 F), moderate dehydration, and periodontal disease. Blood was collected for diagnostic tests, and fluid administration was started. Within 1 hour the cat died of cardiopulmonary failure.
A hemogram done on an automated blood cell counter with histogram capability (Coulter Counter Model S-Plus IV, Coulter Electronics Inc., Hialeah, FL) indicated the presence of an anemia with severe microcytosis (Fig. 1 ). The histogram showed that about 50% of the erythrocytes occurred below the threshold channel. Since only the larger cells of the distribution were counted and sized, there was a falsely increased mean cell volume (MCV) and a falsely decreased erythrocyte count. This phenomenon is expected to occur when the MCV is below about 36 femtoliters when using multi-channel counters modified for veterinary applications. The errors in direct measurements associated with microcytosis typically tend to cancel each other out in the computation of the hematocrit. A more accurate erythrocyte count and MCV value was obtained using a single channel cell counter (Model ZM, Coulter Electronics, Inc.) with an attached particle size analyzer (Model C-1000, Coulter Electronics Inc.). The lower threshold was set at about 10 femtoliters ( Fig. 1 ). The packed cell volume was determined by 521 3 minutes of microhematocrit Centrifugation, and MCV was also calculated from manual values. Hematologic values for all techniques are shown ( Fig. 1) .
A Wright-Giemsa-stained blood film showed very prominent erythrocyte morphologic changes classically described as poikilocytosis. Changes included keratocytes and fragments of various sizes. The changes were interpreted as a fragmentation process, possibly related to erythrocyte oxidative injury (Fig. 2) . Hypochromia was not seen. A steroid leukogram and apparent thrombocytosis were also present. Polychromasia was rare, and both aggregate and punctate reticulocytes were rare on brilliant cresol blue-stained blood films. Serum iron, measured by potentiometry (Ferrochem I1 Analyzer, Environmental Sciences Associates, Inc., Bedford, MA), was 4 1 &dl, with a total iron binding capacity of 342 pg/dl and a transferrin saturation of 12%. These data were interpreted as evidence of moderate to severe iron deficiency in comparison to reference values for adult cats: serum iron 80-1 10 pg/dl and percent transferrin saturation 21-35%.1 The blood urea nitrogen and creatinine were increased at 56 and 2.2 mg/dl, respectively, and were interpreted as pre-renal azotemia due to dehydration. The cat was negative for feline leukemia virus (FeLV) infection as determined by both indirect immunofluorescent assay and enzyme-linked immunosorbant assay.
At necropsy, the most important finding potentially related to the iron deficiency was an ulcerated, circumferential, mural neoplasm in the distal jejunum. Histologically, the lesion was interpreted as lymphosarcoma, and regional lymph node involvement was present. The cause of iron deficiency in this cat was not conclusively determined. Chronic gastrointestinal blood loss could not be documented, but was believed to have occurred in association with the intestinal lesion. It is also possible that malnutrition associated with advancing age and debility contributed to iron deficiency.
The erythrocyte morphologic features in man and dogs with iron deficiency anemia include hypochromia, leptocytes, and f~agmentation.~.~.~ Erythrocyte fragmentation and microcytosis were the predominant morphologic abnormalities in this cat. These morphologic features were identical to those previously seen in kittens with iron deficiency anemia.7 It is important that hypochromia is not seen in feline iron deficiency. The relatively homogenous erythrocyte volume seen on the histograms was interpreted to represent longstanding iron deficiency with complete blood repopulation by microcytes. The presence or absence of a regenerative response is not helpful in characterizing iron deficiency anemia. In dogs, the anemia may be either non-regenerative or prominently regenerative.8 The non-regenerative pattern in this cat was most likely related to chronic disease or debility of advanced age. Marrow was not examined.
It is not certain why iron deficiency anemia is not recognized more frequently in cats. Certainly, chronic external blood loss occurs with a variety of lesions. One factor is that detection of classical hematologic features of iron deficiency is more difficult than in the dog. The failure to develop hypochromia precludes use of this hallmark morphologic finding when examining blood films. Also, it is likely that microcytosis is difficult to detect by more traditional hematologic methods. On single channel counters and automated counters without histogram capability, marked threshold failure associated with microcytosis may go undetected. Since fewer erythrocytes are counted and only the cells above the threshold are sized, both calculated and directly measured MCV values will be overestimated. Histogram capability provides a visual clue that threshold-related errors are present. Another possibility is that cats have a greater gastrointestinal iron absorptive capacity than other species. This could potentially decrease the susceptibility of cats to development of iron deficiency in the face of blood loss.
Erythrocyte fragmentation, traditionally recognized as poikilocytosis in iron defi~iency,~ is an interesting feature of iron deficiency in dogs,* kitten^,^ and rabbits6 An altered thickness to diameter ratio, described in microcytic cells in man,' may make these cells more susceptible to intravascular trauma. Since hypochromia is not appreciated in cats, an altered thickness to diameter ratio in feline iron deficiency may not be present. Alternatively, the fragmentation process may be related to erythrocyte oxidative injury. Decreased erythrocyte deformability and increased membrane stiffness are documented in iron-deficient humans and rats.9 This has been attributed to membrane oxidative injury detected in the form of increased membrane crosslinking and other evidence of in vivo peroxidative damage.9 The consequent decrease in viscoelasticity could result in increased susceptibility to fragmentation in the presence of normal intravascular trauma. Keratocyte formation may represent an intermediate step in the oxidative injury leading to fragmentation. The initial blister on these cells, casually referred to as a v a~u o l e ,~ likely represents an oxidative lesion where inner membrane surfaces are crosslinked across the cell. Exclusion of hemoglobin at the site may account for the colorless area. These lesions may subsequently fragment to give rise to projections which may in turn be fragmented from the cell.
